Modelling the Growing Use of Public Transport in Ile-de-France: How ANTONIN 3 Addresses the Challenge  by Debrincat, Laurence & Meret-Conti, Anne-Eole
 Transportation Research Procedia  14 ( 2016 )  283 – 292 
2352-1465 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
doi: 10.1016/j.trpro.2016.05.022 
Available online at www.sciencedirect.com
ScienceDirect
6th Transport Research Arena April 18-21, 2016  
Modelling the growing use of public transport in Ile-de-France:  
how ANTONIN 3 addresses the challenge 
Laurence Debrincat a, Anne-Eole Meret-Conti a,* 
aSTIF, Paris, France 
Abstract 
Ile-de-France, the Paris region, is facing major transport policy challenges. To cope with the previous and forecasted growing use 
of public transport, restructuration and development of existing lines and achievement of new ones including Grand Paris 
Express metro are planned. Other transport policy measures are promoted to foster the use of modes alternative to car, such as 
reduction of roads speed limit or parking policy. 
In this context, traffic and demand forecasts are required. They rely mostly on the demand model developed and used by STIF, 
the regional public transport authority. ANTONIN (ANalysis of Transport Organisation and New INfrastructures) is multimodal 
and based on disaggregate discrete choice models. 
In continuity with already validated methods in the version ANTONIN 2, the third version which will be operational in 2015 
brings innovative solutions and up-to-date functionalities aiming to provide reliable and comprehensive forecasts on the wide 
range of projects planned in the region. This paper presents the major new features, focussing on what issue they intend to 
enlighten from the transport authority’s perspective, how their effects are taken into account in the model and what tests were 
made to validate and evaluate them. 
© 2016The Authors. Published by Elsevier B.V.. 
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1. Introduction: ANTONIN 3, a strategic model for the Ile-de-France region 
1.1. Challenges for mobility in Ile-de-France 
Over the past two decades, Paris region – Ile-de-France – witnessed a significant and continuous increase in the 
use of public transport. In 2010, 8.3 million daily trips were made on this network, more than 20% of all trips in the 
region. 
The Regional urban master plan Ile-de-France 2030 – adopted by the Regional council in 2013 – and the 
Sustainable urban mobility plan (SUMP) for 2020 – elaborated by STIF and approved by the Regional council – set 
the frame of the development of Ile-de-France and identify measures necessary to face sustainability challenges in 
terms of transport policy. This proactive policy includes the achievement of major new public transport 
infrastructures, the most known being the Grand Paris Express metro project. It also promotes other types of 
measures such as restrictive parking policy or reduction of speed limits on the road network in urban areas. 
1.2. ANTONIN, an evolving model 
Traffic forecasts and cost-benefit analysis of public transport projects rely on ANTONIN (ANalysis of Transport 
Organisation and New INfrastructures), the demand model developed and used by STIF, the regional mobility 
authority. Since 2010, 75 traffic forecast studies have been conducted. The model was also used to assess global 
mobility policy such as the SUMP. 
Successive versions of ANTONIN have been developed according to the availability of the regional mobility 
surveys (Enquête Globale Transport EGT). The first version of the model, estimated on the EGT 1991, set its main 
features: a multimodal model, based on disaggregate discrete choice models. In 2005, the EGT 2001 was used for 
the second version which included further improvements (a more detailed zoning of the region, the modelling of 
non-home or non-work based trips and shorter calculation time). The last update, version 3, is based on the EGT 
2010 survey (the update was achieved by the private research institute Significance, The Netherlands). 
This paper presents the main features of ANTONIN 3. It explains how it deals (method and results) with the 
modelling of some of the urban and transport evolutions which will happen in the future years. 
2. ANTONIN 3: a sequence of Logit models representing short and long term mobility choices 
2.1. General structure of ANTONIN 3 
ANTONIN 3 is a disaggregate travel demand forecasting system which covers the whole Ile-de-France region 
and all modes of transport. 
All versions of ANTONIN are composed of the same different sequences: tour generation, joint destination and 
mode choice, calculation steps to split daily matrices in peak or off-peak and apply a pivot point and assignment to 
produce traffic flows on networks. ANTONIN 3 is built on CUBE (Citilabs) software, using CUBE Base interface 
and CUBE Voyager for level of services and assignment; demand calculation is mainly based on specific programs 
coded in Delphi. 
Scenarios require zonal data and networks descriptions. As ANTONIN is mostly designed to estimate changes 
rather than produce matrices, it has to be applied both for the base year scenario corresponding to the year of the 
mobility survey data and for a project scenario (for a future year and/or including new projects). ANTONIN uses 
a pivot point method to adjust base matrices (matrices corresponding to the situation on which ANTONIN 3 has 
been estimated) to the most precise demand matrices available, estimated using all traffic counts data available for 
the public transport part of the demand. For future scenario, the mixed pivot method (Daly et al. 2011) enables 
modelling increase or decrease, even for zones where demand emerges or grows rapidly. 
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Fig. 1. Block diagram of ANTONIN 3 input data, models and calculation steps. 
2.2. Expansion of the EGT sample 
All tour generation models are applied to a sample, representative of the population of Ile-de-France, namely the 
EGT sample. Zonal data describes the socio-economic structure at the level of zones. The EGT sample is expanded 
on the zonal data to obtain a weighted sample. It is thus possible to expand disaggregate results at zonal level and 
produce aggregate results of number of tours emitted by zone and by purpose. 
2.3. Generation of tours: household equipment and tour by purpose 
The first step modelling estimates the probability of household equipment regarding mobility. Discrete model 
choices are applied at household or at individual level one after the other as some models use results from previous 
ones. There are five possession models: having a driving license, having a car, having several cars, having 
a motorized two-wheeler, and having a public transport pass. They are based on households attributes (such as size, 
income, home location and parking policies), on individual attributes (for instance gender, age, occupation, 
educational level) and on the density of public transport offer near home. 
ANTONIN models tours: tours are round trips, mostly linked to home or work place. Tour frequency models are 
applied to determine whether an individual is likely to make at least one tour for a given purpose; in that case, 
a “one-more tour” discrete choice model is applied. 14 purposes are considered: home-work/school (5 purposes), 
home-shopping (2 purposes), home-private matters, 2 work-based purposes and 4 more non-home based purposes. 
These models use attributes of the household and the individual and results of the possession models. 
2.4. A joint choice for mode and destination 
For every tour, ANTONIN 3 applies a joint model for mode and destination choice. There are 7 modes options 
and all destinations of the zoning are possible destinations (1805 zones in default setting). 
Figure 2 illustrates the structure of the hierarchical models in ANTONIN 3, whose likelihoods where proven 
higher during model estimation. Explanatory variables of these models, besides those related to individual 
characteristics, depend on the purpose and include attributes of: 
x The destinations (population, employment, location…) 
x Level of services for the 7 modes (travel time by period of the day, parking policy at destination, travel costs…). 
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Fig. 2. Hierarchical structures of mode and destination models. 
2.5. Level of services and assignment for public transport 
The variety of itineraries, offered by the public transport network in Ile-de-France, is handled in three ways. 
Firstly, public transport is represented through two modelled modes differing on their access to the public transport 
network, walking or driving. Secondly, two user classes (below or above 55 years old, this age limit being 
a compromise between behavioral differences and sample size of data used for estimation) are considered to reflect 
people preferences towards public transport modes: parameters used to weight the decomposition of travel times 
differ for both classes. Thirdly, and that is a specific feature of ANTONIN 3, on a given origin-destination, levels of 
services are calculated as a composite cost which aggregates all available routes. 
Composite costs are similar to a Logsum and give an overall figure for the level-of-service between origins and 
destinations; they include the generalised costs but also the value of additional possible itineraries (even with 
a higher generalised cost) since they provide resilience to the network and thus benefit for the traveller. The 
following example illustrates this point: 
 
Fig. 3. Available routes between “Mairie d’Asnières-sur-Seine” and “Gare Montparnasse”. 
From Mairie d’Asnières-sur-Seine to Montparnasse-Bienvenüe, three public transport routes are likely to be used. 
Table 2 shows the value of their generalized cost and Table 3 the value of the composite cost when considering one, 
two or the three alternatives. 
Table 1. Routes characteristics: total time, generalized cost and probability to be used in ANTONIN 3. 
Route Real time ANTONIN 3 generalized cost 
(below 55 years old) 
Route probability in ANTONIN 3 
Train line J + Metro line13 39 min 62.33 min 18.92% 
Train line L+ Metro line 13 41 min 63.99 min 14.15% 
Metro line 13 43 min 55.11 min 66.93% 
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The composite cost of metro line 13 only option is 55.11 min, equal to its generalized cost. Allowing alternative 
routes by adding train lines J and L, even if these routes have a higher generalized cost, improves the public 
transport system and the composite cost improves as well. 
Table 2. ANTONIN 3 composite cost on the origin-destination depending on network resilience. 
Lines in operation Number of possible routes Composite cost 
Metro line 13 only possible route 1 55.11 
If Train line J + Metro line13 option is also available 2 53.69 
If Train lines J and L + Metro line 13 options are also available 3 52.82 
2.6. Time of day 
Modelling tours instead of trips enables to take into account level of services of peak and off peak hours and 
ensures consistency in the mode choice. However, it is necessary to use time of day matrices for assignment. Time 
of day process is based on EGT ratios calculated by aggregated categories of modes, purposes and origins and 
destinations. These ratios allow splitting daily matrices in four times of day matrices. Only daily volumes, morning 
peak period and midday period are taken into account in further steps of the model. 
2.7. Road congestion and transit in-vehicle crowding in ANTONIN 3 
ANTONIN 3 can optionally evaluate the impact of road congestion and in-vehicle crowding on demand. 
Road congestion is classically handled: it impacts route choice in the assignment, and road level of services used 
for mode and destination choice. Congestion also modifies time of day ratios for car trips, based on an elasticity of 
peak hour demand to travel times. 
In-vehicle crowding degrade comfort for travellers and has a negative impact on perceived travel times. 
According to a study conducted specifically in Ile-de-France, Debrincat et al. (2014), travel times can be perceived 
as if they were 1.6 times longer than real times when travelling in very crowded situations. ANTONIN 3 optionally 
includes a crowded version of public transport assignment. It is based on this study and on a complete database of 
rolling stock and their capacities (seating and standing). The CUBE Voyager public transport algorithms alter levels 
of services considering the level of affluence. Thus in-vehicle comfort impacts route choice in the transit 
assignment. 
2.8. New features of the third version 
ANTONIN 3 new features answers two main issues: 
x more multimodal behaviours, made possible by a larger scope of transport mode: motorized two-wheeler is taken 
into account in possession models and in mode choice; bicycle is differentiated from walk; the network approach 
for public transport modelling allows more flexibility in adding new modes (such as gondola lift – a stated-
-preferences survey is conducted to estimate the parameters for assignment). 
x more crowded public transport lines, due to a growing demand, hence the congestion and in-vehicle modelling 
option describe in 2.7. 
3. ANTONIN3 validation: methodology of the evaluation on the 2030 situation 
A wide variety of elasticity and sensibility tests were run on ANTONIN 3 in order to validate ANTONIN 3 and 
highlight the most impacting hypotheses among those needed to be made for future scenarios. This paper presents 
how ANTONIN 3 reacts to the different hypothesis used for the forecasts for 2030 which is, as explained above, the 
time horizon for all major urban and transport planning in Ile-de-France.  
For the validation of the model, the 2030 reference situation, called scenario 0, takes into account: 
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x Socioeconomic projections for 2030: precise location of population and employment, structure (activity rate, age 
groups, professional categories); 
x Transport policies for 2030: new infrastructures or higher frequencies (for transit: metro, train, tramway), fare 
policies, speed restrictions on roads, parking policies. 
Table 3. Daily trips by mode and by origin-destination in 2030 reference situation – scenario 0. 
 Transit Car and motorized 
two-wheelers 
Walk and bicycle All modes 
Whole region 9 800 16 600 16 800 43 200 
In Paris 2 000 800 4 100 6 900 
Paris <-> suburbs 3 400 1 100 300 4 800 
In the suburbs 4 500 14 700 12 400 31 600 
Table 3 presents the number of daily trips ANTONIN 3 predicts for the reference situation.  
In order to validate ANTONIN 3 outputs, other 2030 scenarios have been created. For each tested scenario, one 
2030 hypothesis is deactivated at a time and reset to the situation of the EGT 2010. Scenario 0 and the tested 
scenario are then compared allowing assessing the impact of this hypothesis in modelled results both on the 
importance of the input data on results and on the ability of ANTONIN 3 to take it into account. (Due to the 
importance of population and employment evolutions on results, a comparison of 2030 scenarios with a reference 
scenario 2010 would have occulted other changes). 
4. Population and employment, key drivers of demand patterns evolution 
Assumptions relative to the evolution of population and employment have a major impact on traffic forecasts. 
Therefore, STIF commissions the Urban Institute of Ile-de-France to elaborate comprehensive sets of population and 
employment hypothesis (location, number of inhabitants by age classes, number of jobs, occupation rate) for future 
years. These hypotheses are based on demographic modelling, urban projects supported by local authorities and 
general targets fixed by the Regional urban master plan Ile-de-France 2030. Globally, population of Ile-de-France is 
projected to increase by 15% and employment by 9% between 2010 and 2030. 
As demand modelling is disaggregated in ANTONIN 3, any change in the population data (volume, structure) 
has a direct impact on possession, tour generation and mode-destination choice models. The impact of the 2030 
forecasted evolution is analysed through 3 scenarios.  
  
Fig. 4. Population and employment growth forecasted between 2010 and 2030. 
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In scenario 1a, the population is set back to the 2010 level but with a 2030 structure. This scenario assesses the 
impact of population increase (level and location of this evolution). 
In scenario 1b, the number and location of inhabitants are the same as in reference scenario 0 but the population 
structure by age and activity is the 2010 one. Between 2010 and 2030, active population is supposed to decrease 
from 52% to less than 50% of total population, and seniors will grow from 18% to more than 20% of the population.  
Scenario 2 concerns the location of jobs. In this scenario, employment is set back to its 2010 situation (level and 
location). 
 
Fig. 5. Age distribution and working rate in 2010 and 2030. 
Table 4. Difference of daily trips by mode and origin-destination – scenario 0 compared with scenarios 1a, 1b and 2. 
 Sc1a Population location and volume Sc1b Population structure Sc2 Jobs location 
 Car Transit Walk 
All 
modes 
Car Transit Walk 
All 
modes 
Car Transit Walk 
All 
modes 
Whole region +16% +14% +14% +15% +1.5% -3.1% -1.8% -0.9% +0.3% -0.1% -0.1% stable 
In Paris +5% +6% +7% +7% +2.0% -2.0% -1.8% -1.4% -2.5% -3.9% -1.4% -2.3% 
Paris <-> suburbs +11% +14% n.s. +13% +3.4% -2.3% n.s. -1.1% -0.1% -2.6% n.s. -1.9% 
In the suburbs +17% +18% +17% +17% +1.3% -4.2% -1.8% -0.7% +0.4% +3.6% +0.3% +0.8% 
The total number of daily trips is directly related to the population. In scenario 0, it is 15% higher than in scenario 
1a, as much as the difference of the number of inhabitants. At the regional level, the growth is slightly higher for car 
trips: population increases more in the suburbs where the share of car is already higher. 
The ageing of the population (scenario 0 compared to 1b) leads to lower mobility levels. The growth of car trips 
is noticeable everywhere in the region. This increase is driven by the baby-boomer generation, who tends to use car 
rather than any other transport mode. 
If the variable for active population impacts tour generation in ANTONIN 3, the employment variable is only 
explanatory for trip distribution and mode choice: this is why the total number of trips remains stable between 
scenario 2 and scenario 0. Some differences appear in the geographical distribution of trips: in 2030, there are more 
jobs in the suburbs than in 2010 – in volume and in proportion – decreasing the attractiveness of Paris. 
In conclusion, ANTONIN 3 is very sensitive to population and employment hypotheses. It forecasts that even if 
urban development tends to foster density in the centre of the region (and consequently alternative modes to car), 
this effect it is not strong enough to reverse the generational impacts on public transport mode share. 
5. Road level of services: explaining mode share and trip distribution 
Mode choice depends on the level of services, but also on households’ equipment. In ANTONIN 3, destination 
and mode choices are simultaneous in a nested Logit model where mode choice is at the higher level; mode choice 
has therefore a greater inertia and people tend to change their destination rather than their mode of transport. 
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Level of services and amenities at destination are explanatory variables of mode and destination. For car, level of 
services are costs (based on distance), travelled times (at peak hour, off-peak period and night) and parking policy at 
destination. Sensitivity of ANTONIN 3 with the latest two variables is analysed in scenarios 3 and 4. 
Scenario 3 tests the effect of parking policies. The 2020 SUMP promotes strengthened paying parking policy in 
dense areas and nearby new metro and tramway stations. Parking policy is implemented in ANTONIN 3 by 
classifying zones according to 5 categories of fee for on-street parking. Figure 6 shows how these categories are 
supposed to change between 2010 and 2030. Scenario 3, unlike scenario 0, does not include 2030 SUMP parking 
policies. 
 
Fig. 6. Restriction on parking in 2010 and 2030. 
In scenario 0, it is forecasted that car speed will be lower than in 2010. Indeed, the SUMP promotes the reduction 
of speed limits both for road safety and environmental concerns. Moreover, as public space tends to be reallocated 
towards active modes (walk and bicycle), bus lanes or leisure purposes, congestion will not be reduced in the future 
years. Scenario 0 includes a speed of 15 km/h on Paris secondary roads – close to the current average speed, and 
a decrease by 15% in the inner suburbs and by 5% in the outer suburbs. Scenario 4 differs from scenario 0 on these 
limits which are set back to their 2010 levels. 
Table 5. Difference of daily trips by mode and origin-destination in scenario 0 compared with scenarios 3 and 4. 
 Sc 3 Parking policy Sc 4 Car speed 
 Car Transit Walk All modes Car Transit Walk All modes 
Whole region -1.3% +1.0% +0.7% +0.1% -3.5% +2.1% +2.4% stable 
In Paris +4.1% +0.3% +0.5% +0.8% +4.1% +1.4% +1.4% +1.7% 
Paris <-> suburbs +0.9% +1.0% n.s. +1.0% -19.8% +2.2% n.s. -3.5% 
In the suburbs -1.7% +1.2% +0.8% -0.3% -2.6% +2.3% +2.7% +0.1% 
Stringent parking policies in the denser areas of Ile-de-France have an impact on car use leading to a decrease by 
1.3% of all car trips. As a consequence, the situation of the inner suburbs becomes comparable to the one of Paris. 
Due to the design of ANTONIN 3 mode and destination choice model (people tend to chose their mode before their 
destination), this evolution also implies a relatively better attractiveness of Paris to car trips and hence an increase of 
car trips in Paris and to Paris (where car use is still minority) – this increase is an artefact of the model and should 
not be kept in forecasted results. In the suburbs, if we consider only the zones where parking policies are 
strengthened, the impact is very important: -11% car trips where origin and destination are concerned, -3% car trips 
where either origin or destination is concerned. As a consequence, the impact is reverse for trips in the suburbs not 
concerned by parking policy measures; they increase by +7% car trips leading to a decrease by 1.7% on average. 
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As it is shown by the comparison between scenarios 0 and 4, reduction in car speed has a significant impact on 
car use and distances: the average distance is 9.9 km against 10.8 km without speed reduction. Car trips are 
redistributed towards closer destination, and at a regional level, car trips decrease by 3.5% in favour of walking and 
public transport. 
6. Public transport level of services: modelling travel times and network resiliency 
The Grand Paris Express project will bring an additional 200 km of automatic metro infrastructures by 2030. The 
project is included in scenario 0 and excluded in scenario 5. 
 
Fig. 7. Grand Paris Express project: creation of lines 15, 16, 17 and 18, extension of existing metro lines 11 and 14. 
The Grand Paris Express will shorten travel times on a great number of origins and destinations in Ile-de-France. 
Figure 8 shows travel time savings towards La Défense (the business district located at the western limit of Paris). 
The impact of the project is important but doesn't concern the whole region. Some parts of the region even suffer 
from an increase of travel because there will be more stops on radial train lines to ensure transfers with the new ring 
line 15. 
The improvement of composite cost is much more widespread as the Grand Paris Express project, even where it 
doesn't reduce travel time, adds resilience to the network by adding new possible itineraries. 
Fig. 8. Grand Paris Express project – impact on travel time and on composite cost to La Défense (scenario 0 compared to scenario 5). 
Concerning trips, the Grand Paris Express project leads to an important increase of public transport mode share: 
1 point in the region, and 5 points in the catchment area of the project. In Paris, its impact is reverse. It is once again 
the consequence of the nested Logit structure of the mode and destination choice model putting mode choice higher 
in the hierarchy of choice. In this case, this result seems relevant as lots of jobs will be accessible by public transport 
outside Paris for a shorter travel time. 
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Table 6. Difference of daily trips by mode and origin-destination in scenario 0 compared with scenario 5. 
 Sc 5 New lines 
 Car Transit Walk All modes 
Whole region -1.7% +4.3% +0.1% +0.3% 
In Paris -1.2% -4.4% -0.8% -1.9% 
Paris <-> suburbs -2.8% +1.4% n.s. +0.4% 
In the suburbs -1.6% +11.2% +0.4% +0.9% 
7. Modelling in-vehicle crowding and its impact on route choice 
An additional test is presented below: it evaluates the impact of in-vehicle crowding on public transport 
assignment in scenario 0, by switching on the crowding functionality of ANTONIN 3. 
 
Fig. 9. Difference of passenger*kilometres by occupancy rate in assignment, in scenarios 0 and 6. 
Equilibrium is considered reached at the 3rd iteration, when at least 85% of all network links volumes change by 
less than 5% (further iteration contributing to no significant improvement). In scenario 0, public transport 
assignment allows traffic above the total capacity for each individual line. In this test, situation of traffic above 
capacity is almost inexistent. Taking into account line capacities and the impact of crowding on route choice 
contribute to making ANTONIN a more reliable model than previous version, especially for evaluating public 
transport line designed for an alleviation of crowding. 
8. Conclusion 
The evolution of ANTONIN along its different versions can lead to some conclusions when designing a new 
model or updating an existing one.  
First, complexity of large metropolis has to be taken into account properly in the model, as it has been shown in 
this paper, like for instance disaggregate approach to handle with different mobility patterns, logsum and congestion 
approach to deal with the amount of possible routes. 
Second, availability of data is a crucial point. Results on transport demand depend a lot on data for transport 
networks but also for population, employment etc. The detail that will be used in the model must be proportionate to 
the availability of data for the current situation and for future years. 
Third, it is necessary to list the type of studies that are going to be done with the model and the nature of 
questions it will have to answer. Methodological issues should be addressed only after this list is done as they are of 
major importance to define the structure of the main features of the model. 
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